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Project ATMOZ

Main objective:
A traceable and harmonized global total column ozone network within 1%

5 Workpackages (WP):

WP 1: Radiometric characterization of Dobson, Brewer & Array spectrordiometers
WP 2: Development of array-based solar UV spectroradiometers

e WP3:

» Improved and consistent ozone absorption cross-sections

» Validation of high resolution extraterrestrial solar reference spectra

» ( Comprehensive uncertainty budget incdyporating instrumental and atmospheric
ertainties

* WP 4: Creating Impact /Dissemination (Publications, Workshops, Campaigns, Training
Commercialization)

* WP 5: Management (PMOD/WRC)
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Comprehensive Uncertainty Budget

Radiometry Atmospheric Model

Total Column
Retrieval Method

Uncertainty of measurement: <= Uncertainty of model:

Direct sun measurement: I Beer-Lambert Law I
* |4 Wavelengths: 0 —-T.m
_ s
(Dobson/Brewer) Il = Ile

 Full spectrum:
Array spectroradiometer
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Comprehensive Uncertainty Budget

Radiometry Atmospheric Model

Total Column
Retrieval Method

Uncertainty of measurement: <= Uncertainty of model:

* noise of the measurement * selected wavelengths

* wavelength uncertainty (Brewer/Dobsons)

* uncertainty of calibration * selected cross-section

* bandpass uncertainty * selected atmospheric

* temperature gradients temperature

* dead-time effect /linearity * extraterrestrial spectrum
 NDfilter * airmass uncertainty

(atmospheric profile)
* rayleigh airmass uncertainty

. AOD /SO, med Wrc



Sensitivity on Parameters

Sensitivity Analysis:

* Investigate single contributions to overall uncertainty budget

* Find the most important parameter affecting the overall budget
* Potential for improvement of measurement and/or retrieval.

e Calculate the overall uncertainty budget.

A software tool is needed for simulation the effect on different parameters

Uncertainty of measurement: + Uncertainty of model: = Uncertainty of O, value
* noise of the measurement * selected wavelengths
* wavelength uncertaint .
'8 ainty (Brewer/Dobsons) Dependencies between
e uncertainty of calibration selected cross-section t tainti
* Bandpass uncertainty » selected atmospheric Al L S el &
* temperature gradients temperature and
« dead-time effect /linearity extraterrestrial spectrum model uncertainties
* NDfilter * airmass uncertainty

(atmospheric profile)
* rayleigh airmass uncertainty

. AOD /SO, med Wrc



Procedure of Simulation

1. Generating spectrum (PMOD-model) between 300 — 360 nm with known parameters
and 49 atmosperic conditions 7 ozone x 7 airmass [ = [e~™m

Generation of Spectrum
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Wavelength [nm]

FWHM as small as possible (=0.01 nm, ET)! d Wrc



Procedure of Simulation

1. Generating spectrum (PMOD-model) between 300 — 360 nm with known parameters
and 49 atmosperic conditions 7 ozone x 7 airmass [ = [e~™m

Generation of Spectrum
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Procedure of Simulation

2. Define retrieval method : Double ratio technique (Dobsons and Brewers)

[ = [e~™m Beer-Lambert Law
0
logl; = logI? — tfmp — a;*Xmg, — 72°Um 04

mg, Mo,, and M,eq are different airmasses due to different respective heights of the
ozone, air and particle molecules within the different atmospheric profiles.

Brewer and Dobson Slits
T

Il-°= Extraterrestrial Spectrum, i = wavelength-index 12

i (slit)
A-Brewer (hnm) 310.1 313.5 316.8 320
A-Dobson (nm) 305.51 317.62 325.08 339.97 |

Wavelength

360



Dobson Slits - D064

Dobsons D064 (DWD) and D083 (NOAA) characterized for wavelength and
bandpass at PTB Braunschweig with tuneable laser facilities (Saulius Nevas)

7—7,4--‘-0‘-- -

N

: Dobson: Peak 325 nm
: D 064 A-S3: Peak 325.08 nm

: D 083 A-S3: Peak 325.1 nm

: D 083 A-S3 (1993): Peak 325.12 nm

il
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Dobson Slits - D064

Dobsons D064 (DWD) and D083 (NOAA) characterized for wavelength and
bandpass at PTB Braunschweig with tuneable laser facilities (Saulius Nevas)

r#‘**\t\ j
\ ﬁ

D064 (DWD) 2015 D083 (NOAA) 2015 D083 (NOAA) 1993

: Dobson: Peak 325 nm
: D 064 A-S3: Peak 325.08 nm

: D 083 A-S3: Peak 325.1 nm

: D 083 A-S3 (1993): Peak 325.12 nm

Slit Peak (nm) FWHM (nm) Peak (nm) FWHM (nm) Peak (hnm) FWHM (nm) y
A-S2 (305.5) 305.51 1.03 305.46 1.05 305.52(.487?) 0.99 .
C-S2 (311.5) 311.50 1.08 311.47 1.09 311.46 1.04
D-S2 (317.5) 317.62 1.27 317.58 1.24 317.51(.52?) 1.17 ;
A-S3 (325.0) 325.08 3.56 325.10 3.56 325.02(.127?) 3.46 B
C-S3 (332.4) 332.44 3.81 332.47 3.81 332.40 3.73 1
D-S3(339.9) 339.97 4.06 334.00 4.12 339.90(.867?) 4.01 .
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Procedure of Simulation

«Double ratio» /«weighted ratio» technique (Dobsons and Brewers):

combining all four wavelengths

F =Fy — AtRmg — Aao?»X'mo3 — At 4

where

AR =Y Witk ; AaOs = ZiWial.O3

W;(Dobsons) = (+1,—1,+1,—1) and W;(Brewers) = (+1,—0.5,—-2.2,+1.7), with };; W; = 0.

Atdod — Zi WiTiaOd ~ 0

F = Fy — At®"mg — Aa%3Xmy,

TOC =X =

Fo—F—AtRmg

Aa93mg,

pmod 'wrc



radiance [mwim2inm)

Procedure of Simulation

«Double ratio» /«weighted ratio» technique (Dobsons and Brewers):
combining all four wavelengths

F =Fy — AtRmg — Aa03Xm03 — At 4
where
R _ R . O3 _ 0
ATt =Y, Wit Aa®3 =Y, Wa;?
W;(Dobsons) = (+1,—1,+1,—1) and W;(Brewers) = (+1,—0.5,—-2.2,+1.7), with };; W; = 0.

Atdod — Zi WiT?Od ~ 0

ieration of Spectrum

Ges
T T T T
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I'_'nw"
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Procedure of Simulation

3. Random variation of uncertain parameters

A A A

Fy— F — AtRm — -

| AaO3myg,

Uncertainty of measurement: + Uncertainty of model: == Uncertainty of O; value
* noise of the measurement * selected wavelengths

* wavelength uncertainty (Brewer/Dobsons)

* uncertainty of calibration * selected cross-section

* bandpass uncertainty * selected atmospheric

* temperature gradients temperature

* dead-time effect /linearity * extraterrestrial spectrum

* NDfilter * airmass uncertainty

(atmospheric profile)
* rayleigh airmass uncertainty

+  AOD /S0, med Wrc



Procedure of Simulation

3. Random variation of uncertain parameters

A A A

_F_ AR — .
A + TOC = X = Yo = AEHIR == Uncertainty of O; value

| AaO3myg,

4. Making 100 runs with random variation, for all 49 atmospheric conditions

5. Comparison (ratio) between input ozone (no variation) and retrieved ozone

Uncertainty = standard deviation of all ratios

pmod 'wrc



Air Mass

First Result: No Variation

Dobson: Uncertainty of the retrieval Brewer: Uncertainty of the retrieval
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1.0028
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- 11.0026

L 11.0024 | 08495

- 1.0022 - -0.9984

[ 11.002 L 09093

1.0018
0.9992

1.0016
0.9991

1.0014

1
200 250 300 350 400 450 500 200 250 300 350 400 450 500
Ozone [DU] Ozone [DU]

Dobson: 0.14% -0.3 % (systematic) Brewer: 0.02% - 0.1% (systematic)

Simulation works.
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Air Mass

First Result: Array SRM

FWHM of generated spectrum: 0.5 nm (not 0.01nm), sampling resolution: 0.2 nm

Dobson: Uncertainty of the retrieval Brewer: Uncertainty of the retrieval

1.0068

1.0068

+1.0064

-41.0082

41.006 §

-1.0058

1.0056

=y 1.0054

‘ "Ug, 1.0052
J‘?DD 250 SU'JD 350 400 450 200 250 300 350 400 450 500

Ozone [DU] Czone [DU]

Dobson: 0.5% -0.7 % (systematic) Brewer: -6.4% - 5.6% (systematic)

Retrieval does not work for spectra of array spectroradiometer.
Systematic bias can be eliminated by Langley calibration

0.943

0.942

=0.941

40.94

40838

0.938

0.937

0.936
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Variation of wavelength shift

Variation of wavelength-shift of input spectrum: +0.025 / (+0.0035) nm

Brewer: Wavelenght shift 0.0035nm

Dobson: Wavelenght shift 0.025nm xi0®
T T [ ' 35 *

3.5

Air Mass
%)
[1.]

\

Air Mass
[ (%]
wn

Il 1
350 400
Qzone [DU]

350 400 450

Qzone [DU]
Brewer: 0.05% - 0.5%

Dobson: 0.05% - 0.35%
pmod ' wrc




35

Air Mass

Variation of wavelength shift

Variation of wavelength-shift of input spectrum: +0.025 / (+0.0035) nm

x10°

Dobson: Wavelenght shift 0.025nm
T T
35

15F Ogp
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Dobson: 0.05% - 0.35%

3.5

Air Mass

Brewer: Wavelength shift 0.025 nm

3 L J0.025
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L 10015

1.5

500
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1
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Brewer: 0.5% - 3.5%
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Air Mass

Result: Stratospheric Temperature

Variation of stratospheric temperature (retrieval): 213K — 243K: «Bass-Paur»

Dobson: PB; Temperature variation
T

200 250 300 350 400 450
Ozone [DU]

Dobson: 1.2% - 1.4%
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Air Mass

Result: Stratospheric Temperature

Variation of stratospheric temperature (retrieval): 213K — 243K: «Bremen»

Dobson: Bremen; Temperature variation 3 Brewer: Bremen; Temperature variation -3
x 10 x10
T
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F 6.8

r 6.7

Air Mass
[\N]
o
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6.5

6.4

6.3

Ozone [DU] Ozone [DU]

Dobson: 0.6% - 0.7% Brewer: 0.27% - 0.32%
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Summary Sensitivity

Averaged uncertainty of Ozone over all atmospheric conditions:

Dobsons Brewer Remark
Wavelength +0.025 nm 0.1% 0.9%
Noise of detector /Calibration /ND filter 0.06% 0.4% linear
Deadtime /linearity/ Instr. Temperature
+0.1%
Strat. Temp 1.2% 0.8%
Bass-Paur: 213K-243 K
Strat. Temp 0.6% 0.3%
Bremen: 213K-243 K
Cross-Section 1.2% 2.4%
Bass-Paur: £+5%
Extraterrestrial : £5% 0% 0% Uncertainty from
Langley?
Ozone Air Mass Variation linear linear Uncertainty of air

mass need to be
investigated

AOD /S0O2 ? ? Need to be

investigated

pmod 'wrc



Air Mass

Variation of all Parameters

Variation of uncertain input and model parameters:
Wavelength £0.025 nm; Calib: £0.1%; Bass-Paur, Temp. 213-243K, Variation of cross section £5%

Dobson: variation of all Brewer: variation of all

0.0185

0.018
E +0.054
- 40.0175
- 0.052
- H0.017 "
w
[
=
E 0.05
- H0.0165
i L +0.048
L H0.016

0.0155

0.015

1 1 1 1 1 1 1
200 250 300 350 400 450 500 200 250 300 350 400 450 500
Ozone [DU] Ozone [DU]

Dobson: 1.5%-1.9% =1.7% Brewer: 4.4% - 5.8% = 4.6%
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Summary Sensitivity

by convention (identical cross-sections, ET etc.)

Wavelength +0.025 nm 0.1% 0.9%

Noise of detector /Calibration /ND filter 0.06% 0.4% linear

Deadtime /linearity/ Instr. Temperature

+0.1%

Strat. Temp 1.2% 0.8%

Bass-Paur: 213K-243 K

Strat. Temp 0.6% 0.3%

Bremen: 213K-243 K

Cross-Section 1.2% 2.4%

Bass-Paur: +5%

Extraterrestrial : +5% 0% 0% Uncertainty from
Langley?

Ozone Air Mass Variation linear linear Uncertainty of air

mass need to be
investigated

AOD /SO2 ? ? Need to be

investigated
TN\




Summary Sensitivity

by convention (identical cross-sections, ET etc.)

Discussion / Decision

SAG Ozone
Scientific Steering Commitee ATMOZ
|Rass-Payr: 213K-243 K |
Strat. Temp 0.6% 0.3%
Bremen: 213K-243 K
Cross-Section 1.2% 2.4%
Bass-Paur: +5%
Extraterrestrial : +5% 0% 0% Uncertainty from
Langley?
Ozone Air Mass Variation linear linear Uncertainty of air

mass need to be
investigated

AOD / SO2 ? ? Need to be

investigated




Air Mass

Variation of all Parameters

Variation of parameters, which cannot be determined by convention
Wavelength £0.025 nm; Calib: £0.1%; Bremen, Temp. 213-243K

Brewer: variation of all (convention)

Dobson: variation of all (convention)

Air Mass

N
w0

1
350
Ozone [DU]

300 350 400 450
Ozone [DU]

200 250

Brewer: 0.5% - 3.5% =1.1%

pmod ' wrc

Dobson: 0.6% - 0.75% = 0.7%



Conclusions

Dobson show generally a lower uncertainty budget than Brewers
Reducing wavelength and calibration uncertainty is crucial for Brewers
Brewers show a less sensitivity to stratospheric temperature variation than Dobsons

“Bremen” cross section is less sensitive to stratospheric temperature variations

Dobsan: BP eross secton: Variaion of atmospharic temparaturo Brewer: BP cross saction; Variation of atmospheric temparatute
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Dabson: Bremen cross section: Variation of atmospheric temperature Brewer: Bremen cross section: Varialion of atmospheric tlemperature
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Conclusions

* Uncertainties of signal at each individual slit is essential and may be composed of:
— Calibration
— Intensity of sun (airmass)
— ND filters
— Dead time / linearity

— Temperature gradients of instruments

The impact of these effects on the uncertainty of the signal should be investigated
individually to obtain one general uncertainty of signal.

pmod ' wrc



Stratospheric temperature should be known to reduce uncertainty

Outlook

Uncertainty of Langley plot calibration need to be quantified

Working on method to retrieve stratospheric temperature from direct sun

measurements

The software will be used to determine the overall uncertainty from Dobson / Brewer

and array spectroradiometer measurements

Wavelength
+0.05 nm

Calibration
+5%

Extraterrestrial
+2%

Strat. Temp
Bremen: 213K-243 K

Cross-Section Var.
Bremen: +5%

NEI=0.1mW

1% (Full Spec.)

1.5% (Multi Double Ratio)
1.1%

2%

0.6%

0.7%

0.9%

1.1%

0.8%

0.6%

NEI=0.01mW

0.6% (Full Spec.)
1.1% (Multi Double Ratio)

0.7%
1.4%

0.2%
0.3%

0.7%
0.8%

0.4%
0.1%

Remark

Depending on
FWHM

Constant
factor:
No effect

Constant
factor:
No effect

Bremen
Recommended

Depending on
FWHM

Wrc



Outlook

Uncertainty of Langley plot calibration need to be quantified
Stratospheric temperature should be known to reduce uncertainty

Working on method to retrieve stratospheric temperature from direct sun
measurements

The software will be used to determine the overall uncertainty from Dobson / Brewer
and array spectroradiometer measurements, in combination with other approaches.

NEI=0.1mW NEI=0.01mW Rema
Wavelength 1% (Full Spec.) 0.6% (Ful . o gpse L oo
+0.05 nm 1.5% (Multi Double Ratio) 1.1% (Multi NEXt Talk' PEtrl Karha
Calibration 1.1% 0.7% Constant factor:
+59% 2% 1.4% No effect
Extraterrestrial 0.6% 0.2% Constant factor:
+29% 0.7% 0.3% No effect
Strat. Temp 0.9% 0.7% Bremen
Bremen: 213K-243 K 1.1% 0.8% HEgelir e e/
Cross-Section Var. 0.8% 0.4% Depending on
Bremen: +5% 0.6% 0.1% S

VIC
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Array Spectroradiometer (full spectrum)

Automatic detection of cut-on wavelength

Generated UV Spectra with 350 DU ozone

Irradiance [mW/m2/nm]

Modelled Spectrum

107 g s e e Modified Spectrum E

: : @ cCutoOn Wavelength for Air Mass = 1 |3

‘ Cut-On Wavelength for Air Mass = 2 |

@ Cut-On Wavelength for Air Mass = 4 |1
1 | 1 |

290 295 300 305 310 315 320 325 330 335 340
Wavelength [nm]
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Air Mass

Cut-On Wavelength

Variation: ALL, NEI=0.1mW

Variation: ALL, NEl=1mW
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Variation of all Parameters

Variation of all uncertain input and model parameters (500 runs):
Bass-Paur crosssection /

Variation: ALL, NEI=0.1mW Variation: ALL, NEI=0.01mW
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200 250 300 350 400 450 500 200 250 300 350 400 450 500
Ozone [DU] Ozone [DU]
NEI=0.1mW: 1.5% - 2.5% / NEI=0.01mW: 1.3% - 1.9% /
NEI=0.01mW: 1.8% - 3.8% (Double ratio) NEI=0.01mW: 1.6% - 3% (Double ratio)
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Conclusions

Overall uncertainty of ozone retrieval by multispectral measurements depends

NEI = Noise equivalent Irradiance => impact on selection of usable wavelength range

‘Spectrum: airmass=4, aerosol alpha=1 4, beta=002

Wavelength uncertainty

]
o~

Atmospheric conditions (mainly air-mass) >

Air-mass determination

Irradiance [mWim2/nm]
> =] =] =
r ,-—%
e —
= =

Less contributions for the overall uncertainty are from:

Selected X-sections; Variations of X-section -> convention to select one specific X-
section (recommendation: “Bremen X-section -> new generation in ATMOZ)

Variation of extraterrestrial spectrum -> convention to select one specific ET (new
measurements and validation in ATMOZ)

Random Variation of input spectrum

Stratospheric Temperature -> retrieving stratospheric temperature (on-going research)

Bandpass (except in combination with wavelength shift)

Resolution (small impact on random variation) med Wrc



Conclusions

Overall uncertainty of ozone retrieval by multispectral measurements depends

NEI = Noise equivalent Irradiance => impact on selection of usable wavelength range

‘Spectrum: airmass=4, aerosol alpha=1 4, beta=002

Wavelength uncertaintys

]
o~

Atmospheric conditions (mainly air-mass) >

Air-mass determination

Irradiance [mWim2/nm]
> =] =] =
r ,-—%
e —
= =

Less contributions for the overall uncertainty are from:

Selected X-sections; Variations of X-section -> convention to select one specific X-
section (recommendation: “Bremen X-section -> new generation in ATMOZ)

Variation of extraterrestrial spectrum -> convention to select one specific ET (new
measurements and validation in ATMOZ)

Random Variation of input spectrum

Stratospheric Temperature -> retrieving stratospheric temperature (on-going research)

Bandpass (except in combination with wavelength shift)

Resolution (small impact on random variation) med Wrc



